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Double shell targets present a promising avenue to obtain robust neutron yield on current laser
facilities. The nature of the target, like current single shell designs, requires a symmetric implosion of
an outer ablator to obtain a symmetric fuel volume that will lead to alpha heating and thermonuclear
burn. Due to using aluminum as an ablator material and requiring different convergence than single
shell symmetry studies at various energies are required. This paper moves forward from previous
experiments conducted at 1MJ to show implosion symmetry at 1.25 and 1.5MJ. Symmetry in these
experiments is sufficient to merit experiments using double shells to study the platform further.
Additional studies are carried out on the outer shell symmetry impacts, showing that mitigating
mode growth on the outer ablator is of great importance.

I. INTRODUCTION

Progress toward robust burn on the National Ignition
Facility (NIF) [1] has been made through a number of
novel ideas when compared to the initial point design
used during the National Ignition Campaign [2, 3]. These
advancements have come through the investigation of the
deleterious effects of low mode instability growth[4], tent
perturbations, and the fill tube[5]. Changes in the design
include a reduction in the number of launched shocks
from four to three [6] and possibly to two[7], a reduction
in the thickness of the support tent and the diameter
of the fill tube[5], and a change toward more stable ab-
lator materials including high density carbon[8–11] and
beryllium[11–15]. However, all of these changes still rely
on the concept of hot-spot ignition [2, 3, 16, 17]. While
current results show alpha-heating of the DT fuel[18],
there is yet to be evidence of a propagating burn wave
that will result in high yield targets showing robust burn.

In contrast to hotspot ignition proposals, double shell
target designs [19–22](See Figure 1) rely on two physical
phenomenon to reach robust burn; volumetric ignition
and radiation trapping. By having a higher initial den-
sity of DT fuel, at a liquid density of 0.2g/cc instead of
an ice layer with a low density DT gas fill, higher values
of rhoR can be achieved at a lower convergence. This
technique uses the entire volume of fuel to initiate burn
instead of a core hotspot. In addition, the compression
and ionization of the fuel, which in turn releases radi-
ation, is trapped in the fuel by the high-Z inner shell.
As there are fewer radiative loss mechanisms due to this
trapping, a lower initial ion temperature is required in
order to obtain robust burn. By virtue of this lower ini-
tial temperature and lower required convergence ratio, an
overall lower implosion velocity of the inner shell is re-
quired when compared to single shell designs. No design
is without its own obstacles, double shells included. Due
to the complex design requiring concentric shells, target
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fabrication is a challenge.
In moving forward with the double shell platform,

FIG. 1. 3-D model of a double shell target. Aspects of interest
for the target concept include the impact of the fill tube,
impact of the joint, and impact of surface roughness at each
of the material interfaces.

qualification of multiple physics questions is required.
Previously at low laser energies [23] both the shape of the
outer shell and its transfer to an inner shell are bench-
marked against simulation. While useful, this was at
energies around 1MJ on the NIF, while the point design
for robust yield requires a laser energy of 1.5MJ . Due
to the nature of the target, using an aluminum ablator
instead of the already tested high density carbon[8–11]
CH plastic [2, 3, 5, 6], or beryllium [11–15], testing is
needed investigate laser coupling, back scatter, and ab-
lation rate. This requires a step up in laser energy from
1MJ to 1.5MJ. Doing so allows for an investigation of
how the outer ablator shape changes as laser power is
increased. This is of importance as a symmetric outer
shell implosion is needed so that low modes are not im-
printed onto the inner shell, causing a deleterious impact
on capsule performance. The aim of this paper is that
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FIG. 2. Pie diagrams for a yield optimized capsule with
greater inner shell convergence, and a fall-line optimized de-
sign which is more robust against hydrodynamic instabilities
and mix. The fall-line design trades off convergence and yield
for a more stable implosion. Figure courtesy of David Mont-
gomery from reference [22].

to show that as laser power is increased, simulation re-
sults concur with the experimental results to the degree
expected, and that the shape is appropriate to continue
forward with investigations of other physics aspects of
the double shell platform. The next section of the pa-
per will demonstrate ways of controlling the shape with
changes to the laser pulse and the impact of initial low
mode shape from target construction. The third section
of the paper will demonstrate simulation agreement with
experiments.

II. SIMULATIONS OF DOUBLE SHELL SHAPE

The main design of the double shell platform (See Fig-
ure 2) is used as a base line for the setup of the exper-
iments used. This design is a fall-line optimized design
for use with a 1.5MJ reverse ramp laser pulse. The fall
line is defined as taking a line of constant velocity at the
minimum fuel radius and extrapolating it zero radius,
see the paper by Welser-Sherrill et al. for more detail
[24]. Comparing that intercept to the time of maximum
neutron production gives a value of the fall, and max-
imizing this value leads to a fall-line optimized design.
Outer shell experiments using only the aluminum abla-
tor are selected to show control and symmetry of the
imploding ablator. All experiments were designed us-
ing Lawrence Livermore National Laboratory’s HYDRA
code[25]. The experiments are to examine the shape of
the outer ablator as it implodes in towards an inner ra-
dius of 300 µm. This is measured experimentally us-
ing a 2 dimensional convergent ablator setup (commonly

referred to as a ’2DConA’)[26]. We use near vacuum
[27, 28] hohlraums to minimize laser light scattering back
out of the hohlraum. Using the laser profile in figure 3
simulations of the double shell capsules show more of a
P4 depression at 45 degrees, but also a P2 asymmetry
that needs to be controlled. This needs to be controlled,
as having an asymmetric implosion impacts overall per-
formance of the capsule. A higher overall foam pressure
is desirable, as that will lead to more energy being im-
parted to the inner shell, giving more overall yield. In
figure 4 we show that the fall-line design has about a fac-
tor of two more foam pressure, reinforcing our choice of
this design. The fall-line optimized design shown in 2 is
selected over a yield optimized design, also shown in 2,
as those optimizations are done using 1-D simulations.
By utilizing 2-D simulations that allow for imperfections
in the drive to manifest, changes in the pressure profile
present in the foam show that the fall-line design is a
more robust option than the yield optimization. A de-
sign that is insensitive to low mode shape is desirable
as other imperfections in the capsule will degrade the
performance, but with a higher base line to work from,
the impact of those imperfections will be lessened. The
choice of the fall-line optimized design is based on several
factors. These are explained in the paper by Montgomery
et al. [22], but come down to the fact that the fall line
optimized design has a higher specific fuel internal en-
ergy, and the simulated 2-D yield versus the 1-D no mix
yield for the fall-line design is 70% compared to the yield
optimized at only 2%.

FIG. 3. Schematic of the baseline laser power profile and
time-dependent cone fraction used in the parameter study-
ing assessing the impact of initial Pn modes on double shell
implosion shape.

Studying shape control is simplest with single modes
and multiple parameter changes in the design. By impos-
ing a single mode onto the capsule and varying different
parameters, ways to mitigate deformation of the capsule
can be investigated. There are several parameters that
deserve attention: outer cone pointing, hohlraum gas fill,
initial mode amplitude, and adjustment of cone fractions.
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FIG. 4. Comparison of the average foam pressure of two de-
signs for double shells. The fall line design shows a more
robust average foam pressure than the yield design, making
it more attractive.

Using integrated capsule-hohlraum HYDRA simulations
with laser ray tracing, variations on these parameters can
be studied, and their impact on the shape of the outer
shell of the capsule assessed. By varying the outer cone
pointing by 300µm and adjusting the energy balance be-
tween the inner and outer cones (also called cone frac-
tion), HYDRA simulations suggest that the P2 and P4
shape of the outer ablator can be controlled. As is shown
in figure 5 there are two main ways of adjusting the shape
of the outer ablator. By adjusting the cone fraction, ei-
ther at the peak or during the foot of the pulse, the P2/P0
can be changed. Increasing the cone fraction adjusts the
P2/P0 fraction in the positive (prolate) direction, yet it
has a negligible impact on the P4/P0 shape. In order to
adjust the P4 the position of the outer, specifically the
44.5 and 50 degree, cones must be moved further from
the LEH. Doing this pushes the P4/P0 shape in the neg-
ative (square) direction. This study is very useful as it
gives a general idea of what steps need to be taken in
order to obtain a more symmetric outer shell implosion.

Adjusting laser parameters is not the only way to intro-
duce or mitigate asymmetry on the capsule. Machining
can leave an initial perturbation on the capsule which
can propagate inward as the implosion progresses. These
imprinted modes on the outer shell arise from diamond
turning machining of the aluminum hemispheres that
make up the outer ablator. This is significantly differ-
ent from a sputter coated shell, which would not have
evidence of the machining, but instead have high mode
surface irregularities arising from the mandrel. Machin-
ing allows for extremely smooth surfaces, but controlling
the concentricity of outer and inner surfaces is extremely
difficult. Machining can also lead to a joint gap distance
in the pole-to-pole direction which is different than across
the equator by several microns. Machining two separate
hemispheres also requires the use of machines to press
the two parts together to create a single sphere, which

FIG. 5. Impact of cone fraction and outer cone pointing on
the P2 and P4 asymmetries. In general increasing the cone
fraction pushes the P2/P0 (solid symbols) in a positive (pro-
late) direction. Moving the outer cones further from the LEH
moves both the P2/P0 and P4/P0 (open symbols) in a nega-
tive (square) direction. Changes to the cone fraction have a
negligible impact on P4/P0.

FIG. 6. Impact of increasing initial Pn shape on the outer
part of the ablator. Fit lines with slope show how impactful
each even mode is with increasing initial amplitude.

FIG. 7. Impact of increasing initial Pn shape on the inner
part of the ablator.

can lead to deformation of the material where the parts
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are being held and along the joint. Using the pulse shape
shown in figure 3, a study of these initial imprinted modes
can be seen in figures 6 and 7, which is useful as not all
modes are created equally. By applying an initial per-
turbation on the outer edge of the ablator and then im-
ploding the shell, the different growth can be seen. The
values shown in figure 6 are taken at an implosion ra-
dius of 300µm, as this is where shell collision between
the inner and outer shell occurs. It is not always the
case of a higher mode leading to more imprinting, as the
figure shows that there is a monotonically increasing im-
pact with increasing mode number. A higher initial mode
value for any mode has a larger impact, and the higher
the mode number, the impact becomes larger in ampli-
tude. Applying the initial perturbations on the inner
portion of the ablator as in figure 7 also has a differ-
ent imprint than the other (outer) surface shown in fig-
ure 6. For the inner ablator perturbations the impact of
the perturbation is more pronounced, leading to a higher
amount of imprinting than when the perturbation is on
the outer edge. This is due to several factors, including
the lack of any ablative stabilization, and the lack of any
higher density aluminum that can prevent deformation of
the ablator as the shock propagates through the material.

III. SHAPE EXPERIMENTS ON NIF AND
POST SHOT SIMULATIONS

This shape study will focus on 4 separate NIF exper-
iments; N180321, N180522, N181125, and N190520. All
of these experiments measured the time dependent outer
shell shape using the 2D ConA platform[26]. The laser
energy, hohlraum specifications, and outer ablator thick-
ness are presented in table I. The first shot, N180321 is
examined and the pulse shapes of subsequent shots are
derived from it. For more information on 1MJ shape see
the paper by Merritt et. al. [23]. N180522 and N181125
are examined as they are an upgrade from 1MJ to 1.25MJ
and show that by changing the cone fraction and pulse
shpaethe symmetry of the capsule is controllable. The
fourth shot (N190520) utilizes the design energy of 1.5
MJ. All the shots were analyzed with HYDRA using
the as fielded capsule, hohlraum, and laser specifications
based on the paper by Jones et al. [29]. For a list of op-
tions in the code used for the post-shot simulations see
table II. The main differences in the shots are shown in
figures of the pulses at the start of each shot’s subsection,
with the higher energy shots having a higher temperature
in the hohlraum, and the cone fractions changing in order
to control symmetry. All shots are conducted with what
is known as a reverse ramp pulse, which as figure 8 shows
has a large initial ramp to full laser power, then trails
off until the lasers shut off at 4.75-5.6ns, with increasing
pulse length corresponding with increasing energy.

Shot Name Laser En-
ergy

Hohlraum
Size

Capsule
thickness

N180321 1.0 MJ 5.75mm dia
10.13mm
length

106µm

N180522 1.25 MJ 5.75mm dia,
10.13mm
length

120µm

N181125 1.25 MJ 5.75mm dia,
10.13mm
length

120µm

N190520 1.5 MJ 5.75mm dia,
10.13mm
length

128µm

TABLE I. List of shot and hohlraum information.

HYDRA Parameter Parameter Setting
Au wall zoning 40 Angstrom first zone
DCA opacity 2017, 79e
Photon Resolution 85 groups
Laser Rays 600 traces
Power Multiplier 0.94
Angular zoning 1 degree per zone

TABLE II. HYDRA options used for the simulations.

III.1. 1MJ Shot N180321

Shot N180321 is a 1MJ laser pulse (shown in fig-
ures 8 and 9) inside of a nominal 5.75mm diameter
hohlraum. The capsule thickness is 106µm to be trans-
missive enough at a radius of 300µm. Values for for the
trajectory and shape of the experiment vs the post shot
simulation can be found in figures 10 and 11. This data
shows that for a 1MJ pulse, the shape of the experiment
can be simulated by HYDRA nearly within the expected
error, and going through the middle of the data. This
is the case for the P0 trajectory and the P2 shape. The
P4 shape is slightly over predicted by the simulation,
however this is an acceptable error as that means the ex-
periment performs better than expected. With the con-
fidence that a lower power 1MJ shot can be modeled,
increasing the power is the next step.

III.2. 1.25MJ Shots N180522 and N181125

Taking an incremental step in power is a reasonable it-
eration on the design, as ensuring that increases in power
do not significantly impact shape, and that the adjust-
ments used previously to change shape are still appropri-
ate. Both shots N180522 and N181125 are experiments
conducted at 1.25MJ. The main difference between the
two of them is that the cone fractions are adjusted be-
tween them in order to attempt to control the P2 shape,
as shown in figures 8 and 9. The P0 trajectories, shown
in figures 12 and 13, for each experiment the simulation
have an error when attempting to recreate the experi-
mental data. The source of this discrepency is still under
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FIG. 8. Laser power for each of the four experiments. The
difference in laser energy between N180522 and N181125 is
less than 30kJ.

FIG. 9. Cone fractions used in each experiment. The change
in late time cone fraction between N180522 and N181125 is
to demonstrate a change in the P2 shape.

investigation. By examining the plots shown in figures
14 and 15, both the data and the simulation show that
by adjusting the cone fractions in the shot, the P2 shape
is improved. The figures further show that as suggested
by the previous simulation study, the P4 shape can be
impacted by changes in the cone fraction, but they are
not as significant as the changes in the P2. Thus changes
in the beam pointing in relation to the laser entrance hole
are the more effective way of altering the P4 shape.

III.3. 1.5 MJ Shot N190520

The last shot to be discussed in this paper is the first
1.5MJ (pulse shape shown in figures 8 and 9) shot with
an aluminum ablator in a standard 5.75mm hohlraum,
N190520. This experiment shows that by using the estab-
lished methods to adjust shape, both in previous shots of
increasing power, and through a simulation study of the
parameter space, reasonable predictions of the trajectory
and shape can be made. The trajectory data shown in
figure 16 is matched nearly exactly within the error bars

FIG. 10. P0 trajectory of shot N180321

FIG. 11. P2 shape of shot N180321

except at late time and small radius. The same is true of
the low mode shape in figure 17, with the only discrep-
ancy being at small radius. The results of these experi-
ments and simulations show that while there is work to
be done to improve the overall shape of the implosions,
the simulation can be used as an accurate barometer of
the experiment. Using techniques described previously,
simulations can be done to improve the shape and the
experiments will likely bear out those changes.

IV. SUMMARY

Symmetry for double shells, like many other targets on
the NIF that seek any degree of thermonuclear burn, are
sensitive to shape. Controlling the low mode shape is in-
credibly important for double shells. By examining both
a fall line optimized design and a yield optimized design,
a selection is made to use the fall line optimized design
due to its inherent robustness to ward off deleterious ef-
fects from low mode shape. This is due to maintaining a
higher foam pressure, which resists imprinting onto the
inner shell. This gives more robustness to any shape is-
sues that may arise from the laser pulse and hohlraum.
Studying the design in HYDRA shows that low mode
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FIG. 12. P0 trajectory of shot N180522

FIG. 13. P0 trajectory of shot N181125

shape is an area of concern as the even modes 2-10 do
cause shape issues from the outer ablator which can be
transferred to the inner shell. Simulations suggest that
these issues can be mitigated by adjusting the cone frac-
tion used in the laser pulse and by adjusting the pointing
of the outer cone beams with regard to the leaser en-
trance hole. The predictability of this simulation study
is put into practice in 4 shots of increasing power on the
NIF using aluminum ablators. These experiments show
simulations are able to predict the low mode P2 and P4
shape of the implosions at larger radii that correspond
to the impact of the outer shell onto the inner shell at
roughly 300µm.The P0 trajectory of the outer shell is
matched within the error bars for the 1MJ and 1.5MJ
shots, while the 1.25MJ shots still have slight discrepan-
cies that are still under investigation. Due to the desire to
continue forward 1.5MJ experiments as that is the energy
for the fall line optimized design, the HYDRA parame-
ters, specifically the power multiplier of 0.94 were chosen
as they match the 1.5MJ shot. That power multiplier
may need to be adjusted for the 1.25MJ shots in order
to create a more accurate model.

FIG. 14. Pn shape of shot N180522

FIG. 15. Pn shape of shot N181125
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FIG. 16. P0 trajectory of shot N190520

FIG. 17. Pn shape of shot N190520
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